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1
POLISHING COMPOSITION

This application 1s a continuation of application Ser. No.
10/701,606 filed on Nov. 6, 2003, now U.S. Pat. No.
7,059,941 which 1s a continuation of application Ser. No.
09/983,271, filed on Oct. 23, 2001 now abandoned, for
which priority 1s claimed under 35 U.S.C. § 120; and this

application claims priority of Application No. 2000-322123
filed 1 Japan on Oct. 23, 2000 under 35 U.S.C. § 119. The

entire contents of each of the above-described applications
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improver of a ratio of
a polishing rate of an 1nsulating film to that of a stopper film.
Further, the present invention relates to a polishing compo-
sition comprising the improver, a process for selectively
increasing a ratio of a polishing rate of an msulating film to
that of a stopper film using the improver, and a process for
producing a substrate to be polished using the above-
mentioned polishing composition.

2. Discussion of the Related Art

Conventionally, an 1solation region has been formed by a
so-called LOCOS (Local Oxidation of Silicon) method.
However, the LOCOS method does not meet the require-
ment for high-integration of semiconductors 1n recent years
because the 1solation region has become too narrow for the
LOCOS method. Therefore, recently, there has been
employed a so-called STI (Shallow 'Trench Isolation)
method comprising depositing a stopper film such as a
silicon nitride film on a silicon substrate, embedding an
insulating film such as a silicon oxide film 1n a trench part,
planing an excessive insulating film in the external part of
the trench by using chemical-mechanical polishing (CMP)
to expose the stopper film, and thereafter removing the
stopper film by etching. In the STI method, 1t 1s desired that
a ratio of the polishing rate of the nsulating film to that of
the stopper film 1s increased 1n order to prevent dishing or
thinning generated during polishing of the msulating film on
a substrate to be polished, thereby achieving planarization of
the 1msulating film.

Presently, a ceria polishing agent used as a polishing agent
for STI-CMP exhibits a high polishing rate of an insulating
film, and selectively controls a polishing rate of a stopper
film, thereby achieving eflicient planarization. However, as
compared to a silica polishing agent, there arise some
problems such that the ceria polishing agent 1s high 1n costs,
and abrasive grains are not easily dispersed therein. On the
other hand, a commercially available polishing agent has a
low ratio of a polishing rate of an insulating film to that of
a stopper film. Therefore, there arise a problem such that
polishing 1s undesirably progressed at parts where trench
portions are closely arranged, as compared to parts where
there are fewer trench portions, so that thinning 1s likely to
be generated. In addition, when a stopper film 1s made
thicker 1n order to prevent thinming, there arise a problem
such that an 1nsulating {ilm 1n the trench part remains 1n a
large amount by removal of the stopper film after CMP, so
that there 1s still yet a great diflerence 1n the levels (step
height) between a silicon substrate surface and an insulating,
film surface.

There have been reported that a ratio of polishing rates
can be increased by adding triethanolamine as disclosed 1n
Japanese Patent Laid-Open No. Hei 11-330025, or adding
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disclosed 1n Japanese Patent Laid-Open No. He1 10-270401.
However, 1n the former method, there arise some problems
such that addition of a large amount of triethanolamine so as
to have a concentration of 10% by weight or more 1s needed
in order to exhibit its eflects, thereby increasing its costs
including costs for waste water treatment. In the latter
method, hydrogen peroxide 1s likely to be decomposed, so
that 1ts eflects, including stability, are not suflicient.

An object of the present mmvention i1s to provide an
improver of a ratio of a polishing rate of an msulating film
to that of a stopper film for stably and selectively increasing
the ratio of a polishing rate of an insulating film to that of a
stopper {ilm.

Another object of the present invention 1s to provide a
polishing composition comprising the improver, a process
for selectively increasing a ratio of a polishing rate of an
isulating film to that of a stopper film, and a process for
producing a substrate to be polished using the above-
mentioned polishing composition.

These and other objects of the present invention will be
apparent from the following description.

SUMMARY OF THE INVENTION

According to the present invention, there are provided:

[1] an improver of a ratio of a polishing rate of an 1nsulating
film to that of a stopper film, wherein the polishing rate of
the stopper film 1s selectively decreased, comprising one or
more compounds selected from the group consisting of:
(A) a monoamine compound represented by Formula (I):

(D)

wherein each of R', R* and R’ is independently a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms or an
alkenyl group having 2 to 6 carbon atoms, with proviso that
a total number of carbon atoms in R*, R* and R is from 1
to 8;

(B) a diamine compound represented by Formula (II):

(1)

R* R’
\ /
/N —R®—N

R> \R8

wherein each of R* R>, R’ and R® is independently a
hydrogen atom, an alkyl group having 1 to 6 carbon atoms
or an alkanol group having 1 to 6 carbon atoms; and R® is
a linear, branched or cyclic alkylene group having 1 to 18
carbon atoms, or a group represented by Formula (I11I):

(I11)
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wherein each of R” and R'® is independently a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms; and each
of a and b 1s an 1nteger of from 0 to 9, with proviso that a
total number of carbon atoms 1n Formula (III) 1s from 2 to
18;

(C) a monoamine compound represented by Formula (IV):

(IV)

wherein each of R'', R'* and R" is independently a hydro-

gen atom, an alkyl group having 1 to 8 carbon atoms, an

alkanol group having 1 to 8 carbon atoms, an alkanediol
group having 1 to 8 carbon atoms, an alkanetriol group
having 1 to 8 carbon atoms or a group represented by

—(R"™0) R"; R" is an alkylene group having 1 to 4 carbon

atoms; R'> is a hydrogen atom, an alkyl group having 1 to

18 carbon atoms or an acyl group having 1 to 18 carbon

atoms; and c 1s an mteger of from 1 to 20, with proviso that:

(1) at least one of R'', R'* and R'” is an alkanediol group
having 1 to 8 carbon atoms, an alkanetriol group having
1 to 8 carbon atoms or a group represented by —(R'*O)
R°>, wherein R is an alkyl group having 1 to 18 carbon
atoms or an acyl group having 1 to 18 carbon atoms; or

(i) in a case where at least one of R'', R'* and R"” is an
alkanol group having 1 to 8 carbon atoms or a group
represented by —(R'*0)_H, at least one of the other
groups 1s an alkyl group having 1 to 8 carbon atoms;

(D) a polyamine having three or more amino groups in its
molecule;

(E) an ether group-contaiming amine; and

(F) a heterocyclic compound having nitrogen atom;

[2] a polishing composition comprising the improver of item
[1] above;

[3] a process for selectively increasing a ratio of a polishing
rate of an 1nsulating film to that of a stopper film,
comprising applying the improver of item [1] above;

[4] a process for producing a substrate to be polished,
comprising applying the polishing composition of item
[2] above; and

[3] a polishing process comprising removing an insulating
film which has been embedded for 1solation 1nto a trench
formed on a silicon substrate and sedimented outside the
trench with the polishing composition of item [2] above,
thereby planing a surface of the silicon substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing a carrier surface used
in Examples.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

In the present invention, the phrase “a ratio of a polishing
rate of an insulating film to that of a stopper film, wherein
the polishing rate of the stopper film 1s selectively
decreased” 1s hereinafter also referred to as ‘selective ratio.’
Therefore, the term “improver of a ratio of a polishing rate
ol an insulating film to that of a stopper film™ (hereinafter
also referred to as “improver of a selective ratio”) refers to
an agent having an action of increasing a ratio of a polishing
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rate of an insulating film to that of a stopper film i STI
method by containing the improver of a selective ratio in the
polishing composition, concretely, having an action of
reducing the polishing rate of a stopper film without remark-
ably lowering the polishing rate of the insulating film. Here,
as to the ratio of polishing rates to be increased by the
improver ol a selective ratio, 1.e. (polishing rate of insulating
film)/(polishing rate of stopper film), the improver of a
selective ratio preferably has a selective ratio exceeding 3 to
4 that of the commercially available silica polishing agent,
from the viewpoint of facilitating the detection of the end
point of polishing (viewpoint of being capable of easily
stopping polishing at a given position), and the viewpoint of
plaming a substrate to be polished after polishing. The
selective ratio 1s preferably 6 or more, more preferably 8 or
more, still more preferably 10 or more, especially preferably
15 or more. The polishing rate of each film 1s that deter-
mined by the method described 1n Examples set forth below.

The improver of a selective ratio of the present invention
comprises, as described above, one or more compounds
selected from the group consisting of:

(A) a monoamine compound represented by Formula (I):

(D)

wherein each of R', R* and R’ is independently a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms or an
alkenyl group having 2 to 6 carbon atoms, with proviso that
a total number of carbon atoms in R*, R* and R is from 1
to 8;

(B) a diamine compound represented by Formula (II):

(1)

R4 R’
\ /
/N —R—N

R> \R3

wherein each of R* R>, R’ and R® is independently a
hydrogen atom, an alkyl group having 1 to 6 carbon atoms
or an alkanol group having 1 to 6 carbon atoms; and R® is
a linear, branched or cyclic alkylene group having 1 to 18
carbon atoms, or a group represented by Formula (I1I):

(110)
RQ'

— (CHy)— (lj— (CHy )=

RIU

wherein each of R” and R'® is independently a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms; and each
of a and b 1s an 1nteger of from 0 to 9, with proviso that a

total number of carbon atoms 1n Formula (III) 1s from 2 to
18;
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(C) a monoamine compound represented by Formula (IV):

(IV)

wherein each of R'', R'* and R" is independently a hydro-
gen atom, an alkyl group having 1 to 8 carbon atoms, an
alkanol group having 1 to 8 carbon atoms, an alkanediol
group having 1 to 8 carbon atoms, an alkanetriol group
having 1 to 8 carbon atoms or a group represented by
—(R"™0) R"; R" is an alkylene group having 1 to 4 carbon
atoms; R'> is a hydrogen atom, an alkyl group having 1 to
18 carbon atoms or an acyl group having 1 to 18 carbon
atoms; and c 1s an mteger of from 1 to 20, with proviso that:
(1) at least one of R'', R'* and R'” is an alkanediol group
having 1 to 8 carbon atoms, an alkanetriol group having
1 to 8 carbon atoms or a group represented by —(R'*0) _
R>>, wherein R™ is an alkyl group having 1 to 18 carbon
atoms or an acyl group having 1 to 18 carbon atoms; or
(i) in a case where at least one of R'', R'* and R"” is an
alkanol group having 1 to 8 carbon atoms or a group
represented by —(R'*0)_H, at least one of the other
groups 1s an alkyl group having 1 to 8 carbon atoms;

(D) a polyamine having three or more amino groups in its
molecule;

(E) an ether group-contaiming amine; and

(F) a heterocyclic compound having nitrogen atom.

In Formula (I), each of R', R* and R’ is a hydrogen atom,
an alkyl group having 1 to 6 carbon atoms, or an alkenyl
group having 2 to 6 carbon atoms. Fach of R', R* and R’ is
an alkyl group having preferably 1 to 4 carbon atoms, more
preferably 1 to 3 carbon atoms, from the viewpoint of
increase 1n the selective ratio. In addition, the total number
of carbon atoms in R', R® and R is preferably from 1 to 6,
more preferably from 1 to 4, still more preferably from 1 to
3, from the viewpoint of the increase in the selective ratio.
In addition, primary amines and secondary amines are
preferable, and the primary amines are more preferable,
from the viewpoint of the increase in the selective ratio.
Further, the alkyl groups may have a linear structure, a
branched structure or a cyclic structure, and a linear struc-
ture or a branched structure 1s preferable.

Concrete examples of the monoamine compound repre-
sented by Formula (I) include methylamine, ethylamine,
propylamine, isopropylamine, butylamine, isobutylamine,
sec-butylamine, pentylamine, hexylamine, dimethylamine,
diethylamine, dipropylamine, disopropylamine, methyl-
cthylamine, trimethylamine, triethylamine, allylamine, dial-
lylamine, N,N-dimethylallylamine, N-methyldiallylamine,
cyclopropylamine, cyclobutylamine, cyclopentylamine,
cyclohexylamine, and the like. Methylamine, ethylamine,
propylamine, i1sopropylamine, dimethylamine, diethy-
lamine, dipropylamine and diisopropylamine are preferable,
from the viewpoint of the increase 1n the selective ratio.
Particularly pretferable are propylamine and 1sopropylamine.
These amine compounds may be used alone or in admixture
of two or more kinds.

In Formula (II), each of R*, R>, R’ and R® is a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms or an
alkanol group having 1 to 6 carbon atoms. Each of R*, R>,
R’7 and R® is preferably a hydrogen atom, an alkyl group
having 1 to 4 carbon atoms or an alkanol group having 1 to
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4 carbon atoms, more preferably hydrogen atom, an alkyl
group having 1 to 3 carbon atoms or an alkanol group having
1 to 3 carbon atoms, wherein the alkyl group or the alkanol
group may have a linear structure or a branched structure,
from the viewpoint of the solubility 1n water and the
viewpoint of the increase in the selective ratio. In addition,
R® is a linear, branched or cyclic alkylene group having 1 to
18 carbon atoms, or a group represented by Formula (I1II).
Among them, the group represented by Formula (III) 1s
preferable, from the viewpoint of the increase 1n the selec-
tive ratio.

Each of R” and R'” is a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms. Each of R” and R*” is preferably
a hydrogen atom or an alkyl group having 1 to 4 carbon
atoms, more preterably a hydrogen atom or an alkyl group
having 1 to 3 carbon atoms, from the viewpoint of the
solubility 1n water and the viewpoint of the increase in the
selective ratio. In addition, each of a and b 1s an integer of
from O to 9. Each of a and b 1s an integer of preferably from
0 to 8, more preferably from O to 35, especially preferably
from O to 3, from the viewpoint of the solubility 1n water and
the viewpoint of the increase in the selective ratio. In
addition, a+b 1s preferably from 1 to 11, more preferably
from 1 to 9, still more preferably from 1 to 7, especially
preferably from 1 to 3. Further, the total number of carbon
atoms 1n Formula (III) 1s from 2 to 18, preferably from 2 to
16, more preferably from 2 to 12, especially preferably from
2 to 10, from the viewpoint of the increase in the selective
ratio.

Concrete examples of the diamine compound represented
by Formula (II) include ethylenediamine, 1,2-diaminopro-
pane, 1,3-propanediamine, 1,4-butanediamine, N,N-dimeth-
ylethylenediamine, N,N'-dimethylethylenediamine, N-eth-
ylethylenediamine, N-methyl-1,3-propanediamine,
pentamethylenediamine, 1,3-diaminopentane, N-1sopropyl-
cthylenediamine, hexamethylenediamine, N-1sopropyl-1,3-
propanediamine,  N,N,N'.N'-tetramethylethylenediamine,
heptamethylenediamine, N,N,N" N'-tetramethyl-1,2-pro-
panediamine, N,N,N'.N'-tetramethyl-1,3-propanediamine,
N.N,2,2-tetramethyl-1,3-propanediamine, octamethylenedi-
amine, N,N'-dimethyl-1,6-diaminohexane, N,N,N',N'-tet-
ramethyl-1,4-butanediamine, nonamethylenediamine, N,N,
N'.N'-tetramethyl-2,2-dimethyl-1,3-propanediamine,
decamethylenediamine, N,N,N'N'-tetramethyl-1,6-diami-
nohexane, undecamethylenediamine, 3-(dibutylamino)pro-
pylamine, dodecamethylenediamine, cyclohexanediamine,
2-hydroxyethylaminopropylamine, diethanolaminopropy-
lamine, and the like.

Among them, ethylenediamine, 1,2-diaminopropane, 1,3-
propanediamine, 1,4-butanediamine, hexamethylenedi-
amine and N,N,N'N'-tetramethyl-1,6-diaminohexane 1s
preferable, from the viewpoint of the solubility in water and
the viewpoint of the increase 1n the selective ratio. N,IN,N',
N'-tetramethyl-1,6-diaminohexane are especially preferable.
These amine compounds may be used alone or 1n admixture
of two or more kinds.

In Formula (IV), each of R'', R'* and R"® is a hydrogen
atom, an alkyl group having 1 to 8 carbon atoms, an alkanol
group having 1 to 8 carbon atoms, an alkanediol group
having 1 to 8 carbon atoms, an alkanetriol group having 1 to
8 carbon atoms or a group represented by —(R"0) R"™.
Here, R' is an alkylene group having 1 to 4 carbon atoms.
R' is an alkylene group having preferably 2 or 3 carbon
atoms, from the viewpoint of the solubility in water. R is
a hydrogen atom, an alkyl group having 1 to 18 carbon
atoms or an acyl group having 1 to 18 carbon atoms. R'” is
preferably a hydrogen atom or an alkyl group having 1 to 12
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carbon atoms, more preferably a hydrogen atom or an alkyl
group having 1 to 6 carbon atoms, still more preferably a
hydrogen atom or an alkyl group having 1 to 4 carbon atoms,
from the viewpoints of the increase 1n the selective ratio and
the stability. In addition, ¢ 1s an integer of from 1 to 20.
Preferably, ¢ 1s an integer of from 1 to 10, more preferably
from 1 to 8, especially preferably from 1 to 5, from the
viewpoint of the increase in the selective ratio. In addition,
as to the number of carbon atoms in the alkyl group, the
alkanol group, the alkanediol group or the alkanetriol group
for R'" to R'>, the number of carbon atoms in the alkyl group
1s preferably from 1 to 6, more preferably from 1 to 4,
especially preferably from 1 to 3, from the viewpoint of the
increase 1n the selective ratio. The alkyl chain may have a
linear structure or a branched structure. In addition, the
number of carbon atoms in each of the alkanol group, the
alkanediol group or the alkanetriol group is preferably from
2 to 8, more preferably from 3 to 6. Here, at least one of R'",
R'? and R'® is an alkanediol group having 1 to 8 carbon
atoms, an alkanetriol group having 1 to 8 carbon atoms or a
group represented by —(R'*0) R*>, wherein R’ is an alkyl
group having 1 to 18 carbon atoms or an acyl group having
1 to 18 carbon atoms. Alternatively, 1n a case where at least
one of R, R** and R" is an alkanol group having 1 to 8
carbon atoms or a group represented by —(R'*O)_H, at least
one of the other groups 1s an alkyl group having 1 to 8
carbon atoms. In the case where two of R'', R'* and R'" are
a group represented by —(R"*0) R'>, each of R'*, R" and
¢ 1 each group may be identical or different.

Concrete examples of the monoamine compound repre-
sented by Formula (IV) include 2-(methylamino)ethanol,
N-ethyldiethanolamine, 3-(methylamino )propanol, N-meth-
yldipropanolamine, 2-(ethylamino)ethanol, 2-(dimethy-
lamino)ethanol, 4-(methylamino)dibutanol, 2-(isopropy-
lamino )ethanol, 1-(dimethylamino)-2-propanol,
4-(dimethylamino)-1-butanol,  4-(ethylamino)-1-butanol,
3-(diethylamino)-1-propanol, 1-(diethylamino)-2-propanol,
6-(dimethylamino)-1-hexanol, 2-(dusopropylamino)etha-
nol, 2-(dibutylamino)ethanol, N,N-dimethylethoxyethanola-
mine, N,N-dimethylethoxyethoxyethanolamine, N,N-dieth-
ylethoxyethanolamine, IN,N-
diethylethoxyethoxyethanolamine, 2-amino-1,3-
propanediol, 3-amino-1,2-propanediol, 2-amino-2-methyl-
1,3-propanediol, 2-amino-2-ethyl-1,3-propanediol,
3-diethylamino-1.2-propanediol, 3-dimethylamino-1,2-pro-
panediol, 3-methylamino-1,2-propanediol, tris(hydroxym-
cthyl)aminomethane, ethoxypropylamine, 3-methoxypropy-
lamine, 2-methoxyethylamine, 3-propoxypropylamine,
3-1sobutoxypropylamine, bis(2-methoxyethyl)amine, and
the like. Among them, 6-(dimethylamino)-1-hexanol 1s
especially preferable, from the viewpoint of the increase 1n
the selective ratio. These amine compounds may be used
alone or 1n admixture of two or more kinds.

The polyamine having three or more amino groups 1n its
molecule includes a compound represented by Formula (V):

(V)
R16 R R R23
\ /
/N—RIS—N—;Rm—N—_d—Rﬂ—N
R17 \R24

wherein each of R™*, R"/, R*', R*® and R** is independently
a hydrogen atom or an alkyl group having 1 to 6 carbon

atoms; each of R'®, R* and R** is independently an alkylene

10

15

20

25

30

35

40

45

50

55

60

65

8

group having 1 to 18 carbon atoms; and R'” is a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms or a group
represented by Formula (VI):

(VD)

wherein R*> is an alkylene group having 1 to 18 carbon
atoms; and each of R*° and R*’ is independently a hydrogen

atom or an alkyl group having 1 to 6 carbon atoms; and
d 1s an 1teger of from O to 20, and
an amino group-containing polymer compound.

Here, each of R'°, R/, R*', R*°, R**, R*° and R*’ is a
hydrogen atom or an alkyl group having 1 to 6 carbon atoms.
Each of R'°, R"/, R*', R*>, R**, R*° and R*’ is preferably a
hydrogen atom or an alkyl group having 1 to 3 carbon atoms,
from the viewpoint of the increase in the selective ratio. In

addition, each of R™®, R*°, R** and R’ is an alkylene group
having 1 to 18 carbon atoms. Each of R'®, R*”, R** and R*>
1s an alkylene group having preferably 2 to 12 carbon atoms,
more preferably 2 to 6 carbon atoms, from the viewpoint of
the increase 1n the selective ratio. In addition, d 1s an integer
of from O to 20. Preferably, d 1s from O to 6, more preferably
from O to 4, still more preferably from O to 1, from the
viewpoint of the increase 1n the selective ratio. Incidentally,
in a case where d is 2 or more, plural R*” and plural R*'
groups may respectively be i1dentical to or different from
cach other.

Concrete examples of the polyamine having three or more
amino groups 1n its molecule include diethylenetriamine,
bis(3-aminopropyl)amine, N-methyl-3,3'-iminobis(propy-
lamine), bis(hexamethylene)triamine, spermidine, spermine,
triecthylenetetramine, N,N'-bis(2-aminopropyl)ethylenedi-
amine, N,N'-bis(2-aminoethyl)-1,3-propanediamine, N,N'-
bis(3-aminopropyl)-1,3-propanediamine, tris(2-aminoethyl)
amine, N,N,N".N'.N"-pentamethyldiethylenetriamine,
tetracthylenepentamine, polyethyleneimine, polyviny-
lamine, and the like. Among them, bis(3-aminopropyl)amine
and triethylenetetramine are preferable, from the viewpoint
of the increase 1n the selective ratio. These polyamines
having three or more amino groups in their molecules may
be used alone or in admixture of two or more kinds.

The ether group-containing amine includes a compound
represented by Formula (VII):

(VI

RES R33
\
/N—R%—O—rR“—OﬂE—R”—N\
R29 R34

wherein each of R*®, R*”, R> and R™* is independently a
hydrogen atom or an alkyl group having 1 to 6 carbon atoms;
each of R and R’? is independently an alkylene group
having 1 to 18 carbon atoms; R’' is an alkylene group
having 1 to 4 carbon atoms; and e 1s an integer of from O to

20.
Here, each of R*®, R*°, R and R>* is a hydrogen atom or
an alkyl group having 1 to 6 carbon atoms. Fach of R*®, R*,

R*® and R>* is preferably a hydrogen atom or an alkyl group
having 1 to 3 carbon atoms, from the viewpoint of the
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increase in the selective ratio. Each of R*” and R*” is an
alkylene group having 1 to 18 carbon atoms. Each of R*° and
R>? is an alkylene group having preferably 2 to 12 carbon
atoms, more preferably 2 to 6 carbon atoms, from the
viewpoint of the increase 1n the selective ratio. In addition,
¢ 1s an integer of from 0 to 20. e 1s preferably from 0 to 10,
more preferably from O to 8, still more preferably from O to
5, from the viewpoint of the increase 1n the selective ratio.
In the case where e is 2 or more, plural R*° may be identical
to or diflerent from each other.

Concrete examples of the ether group-containing amine
include bis(3-aminopropyl) ether, dimethylaminoethoxypro-
pylamine, 1,2-bis(2-aminoethoxy)ethane, 1,2-bis(3-amino-
propoxy )ethane, 4,9-dioxa-1,12-dodecanediamine, diethyl-
ene glycol bis(3-aminopropyl) ether, and the like. Among
them, diethylene glycol bis(3-aminopropyl) ether 1s prefer-
able, from the viewpoint of the increase 1n the selective ratio.
These ether group-containing amines may be used alone or
in admixture of two or more kinds.

Various compounds may be used as the heterocyclic
compound having nitrogen atom, and heterocyclic com-
pounds in which one or more nitrogen atoms constituting the
heterocyclic ring are secondary amines are preferable, from
the viewpoint of the increase 1n the selective ratio.

Concrete examples of the heterocyclic compound having
nitrogen atom include piperidine, piperazine, homopipera-
zine, pyrrolidine, pyridine, pyrazine, pyrrole, tricthylenedi-
amine, morpholine, 2-aminopyridine, 3-aminopyridine,
4-aminopyridine, 3-amino-1,2,4-triazole, N-(3-aminopro-
pyl)morpholine, N-(2-aminoethyl)morpholine, N-aminoeth-
ylpiperidine, N-aminopropylpiperidine, 1-amino-4-meth-
ylpiperazine, 2-methylimidazole, 4-methylimidazole, 1,3-d1

(4-piperidyl)propane, 2,6-dimethylpiperazine, 2,5-
dimethylpiperazine, 3,5-dimethylpyrazole, b1s(3-
aminopropyl)piperazine, aminoethylpiperazine,

hydroxyethylpiperazine, pipecoline, 2-(1-piperazinyl)pyri-
midine, 4-piperidinopyridine, pyridinemethanol, N-meth-
ylpiperazine, 2-methylpiperazine, N-methylpiperidine, 3-pi-
peridinemethanol, 4-hydroxypiperidine, and the like.
Among them, piperazine and piperidine are preferable, from
the viewpoint of the increase 1n the selective ratio. These
heterocyclic compounds having nitrogen atom may be used
alone or 1n admixture of two or more kinds.

Further, the monoamine compound represented by For-
mula (I), the diamine compound represented by Formula
(II), the monoamine compound represented by Formula
(IV), the polyamine having three or more amino groups in
its molecule, the ether group-contaiming amine and the
heterocyclic compounds having nitrogen atom may be used
in admixture of two or more kinds.

In the present invention, by using the above-mentioned
improver ol a selective ratio 1 a polishing composition,
there 1s exhibited an excellent effect that the selective ratio
ol a polishing rate of an msulating film to that of a stopper
film can be increased stably and at a low cost 1n polishing
according to the STI method. The reason why the above-
mentioned effect 1s exhibited 1s presumably due to the fact
that the above-mentioned improver of a selective ratio 1s
selectively adsorbed on the stopper film surface, thereby
controlling the polishing rate of the stopper film.

Accordingly, the present invention provides a process for
selectively increasing a selective ratio of a polishing rate of
an 1nsulating film to that of a stopper film using the above-
mentioned improver of a selective ratio.

The polishing composition of the present invention com-
prises the above-mentioned improver of a selective ratio.
The amount of the improver of a selective ratio 1s preferably
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from 0.01 to 20% by weight, more preferably from 0.1 to
15% by weight, still more preferably from 0.3 to 10% by
weight, most preferably from 0.5 to 3% by weight, of the
entire amount of the polishing composition, from the view-
point of selectively controlling the polishing rate of the
stopper film without drastically reducing the polishing rate
of the mnsulating film and from the viewpoint of the surface
properties ol the substrate after polishing.

It 1s preferable that the polishing composition of the

present mvention further comprises a pH adjusting agent
and/or an abrasive.
The pH of the polishing composition 1s preferably from 8
to 13, more preferably from 10 to 13, from the viewpoint of
showing a high polishing rate of the insulating film. A pH
adjusting agent 1s used 1n order to adjust the pH 1n such a
mannet.

As the pH adjusting agent, an alkaline source such as
ammonia (concretely an aqueous ammonia), potassium
hydroxide or an amine can be appropriately used. Inciden-
tally, since the above-mentioned improver of a selective
ratio has a pH adjusting ability, when this improver of a
selective ratio 1s used, the use of the above-mentioned alkali
source can be omitted, or the amount of the alkali source
used can be reduced. In addition, the content of the pH
adjusting agent 1s preferably from 0.001 to 3% by weight,
more preferably from 0.01 to 3% by weight, still more
preferably from 0.1 to 1% by weight, of the entire amount
of the polishing composition, from the viewpoint of the
increase in the selective ratio.

As the abrasive used in the present invention, any abra-
sives generally employed for polishing can be used.
Examples of the abrasive include: metals, carbides of metals
or metalloids, nitrides of metals or metalloids, oxides of
metals or metalloids, borides of metals or metalloids, dia-
mond, and the like. The metals or metalloids include those

clements belonging to the Groups 2A, 2B, 3A, 3B, 4A, 4B,
SA, 6A, 7A or 8 of the Periodic Table (long period form).
Concrete examples of the abrasive include a-alumina par-
ticles, silicon carbide particles, diamond particles, magne-
sium oxide particles, zinc oxide particles, cerium oxide
particles, zirconium oxide particles, colloidal silica particles,
fumed silica particles, and the like. Among them, silica 1s
preferable, from the viewpoints of giving excellent dispers-
ibility of the abrasive and surface properties of the substrate
alter polishing. More preferable are the colloidal silica
prepared by a process using an alkali silicate or an alkox-
ysilane as a starting raw material; and fumed silica prepared
by high-temperature hydrolysis of a volatile silicon com-
pound such as silicon tetrachloride in oxyhydrogen flame.
The average particle size of the abrasive, as calculated from
the specific surface area determined by the BET method, 1s
preferably from 1 to 1000 nm, more preferably from 5 to 500
nm, still more preferably from 10 to 300 nm, from the
viewpoint of increasing the polishing rate. The amount of
the abrasive 1s preferably from 0.5 to 30% by weight, more
preferably from 1 to 25% by weight, still more preferably
from 3 to 15% by weight, of the entire amount of the
polishing composition, from the viewpoint of increasing the
polishing rate.

The polishing composition of the present invention,
which comprises the improver of a selective ratio, or the
improver of a selective ratio and a pH adjusting agent, 1s
cllective for a polishing process using a fixed grinding
wheel, a polishing pad 1n which the abrasive grains are fixed
in the pad, and the like. Further, the polishing composition
comprising the above-mentioned abrasive 1s effective for a
polishing process employing loose abrasives using a polish-
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ing pad made of polyurethane, and the polishing composi-
tion 1s also eflective for a polishing process using a fixed
orinding wheel, a polishing pad in which the abrasive grains
are fixed 1n the pad, and the like.

The balance of the polishing composition of the present
invention 1s water. The water content 1s preferably from 45
to 99.49% by weight, more preferably from 55 to 99% by
weight, still more preferably from 65 to 95% by weight, of
the entire amount of the polishing composition, from the
viewpoint of the increase 1n the selective ratio.

In addition, the polishing composition of the present
invention can optionally comprise at least one other com-
ponent including a disinfectant and an antibacterial agent,
such as tetramethylammonium chlornide, tetracthylammo-
nium chloride, tetramethylammonium hydroxide, tetracthy-
lammonium hydroxide, benzalkonium chloride, and benze-
thontum chloride.

The concentration of each of the components in the
above-mentioned polishing composition 1s a preferable con-
centration during polishing, and the concentration may be
that at the time the composition i1s prepared. The polishing
composition may be prepared as a concentrate, and 1s diluted
upon use.

By using the polishing composition of the present inven-
tion having the above-mentioned constitution, there 1s
exhibited an excellent efiect that a substrate to be polished
having an extremely small difference between the level of a
s1licon substrate surface after removing the stopper film and
the level of the msulating film surface on the trench part can
be obtamned stably and at a low cost, in the polishing
according to the STI method.

The polishing composition of the present mmvention 1s
suitably used 1n, for instance, the STI method comprising
removing an insulating {ilm which has been embedded for
isolation 1nto a trench formed on a silicon substrate and
sedimented outside the trench, thereby planing a surface of
the silicon substrate.

In addition, the process for producing a substrate to be
polished of the present mnvention 1s carried out by using the
polishing composition of the present mvention. Here, by
polishing with the polishing composition comprising the
improver of a selective ratio of the present invention, the
selective ratio of a polishing rate of an insulating film to that
ol a stopper film 1s 1increased, so that an excellent planariza-
tion can be carried out. In addition, the thickness of the
stopper film such as a silicon nitride film can be reduced
without causing a defect such as thinning 1n a substrate to be
polished due to the planarization, so that high integration of
semiconductors can be attained.

The substrate to be polished used 1n the present invention
1s a substrate which 1s obtained by an 1solation step com-
prising embedding an msulating film in a trench formed on
a silicon substrate, such as the STI method. The substrate to
be polished comprises an msulating film, which 1s an object
to be polished, and a stopper film for controlling the progress
ol polishing.

The 1insulating film used in the present 1nvention 1s
preferably a silicon oxide film, among which a plasma
TEOS film, an atmospheric CVD film, a thermal oxidation
film and the like can be used. On the other hand, the stopper
f1lm 1s preferably a silicon nitride film, among which a low
pressure CVD film, an atmospheric CVD film and the like
can be used. The properties, such as thickness, of the
insulating film and the stopper film are not particularly
limited.

In the process for producing a substrate to be polished of
the present invention, in order to remove an excess msulat-

10

15

20

25

30

35

40

45

50

55

60

65

12

ing film formed on the silicon substrate during an 1solation
step comprising embedding an insulating film 1n a trench
formed on a silicon substrate, such as the STI method, a
planed, substrate to be polished can be efliciently prepared
by polishing with the polishing composition comprising the
improver of a selective ratio.

EXAMPLES

The expression “% by weight” 1n Examples 1s made on
the basis of the entire weight of the polishing composition.
As the polishing device, a single-sided polishing machine
(product number: MA-300, manufactured by Engis Corpo-
ration) was used. The polishing conditions are given below.

1) Polishing Conditions

In Examples, as a substrate to be polished, there were used
a silicon substrate (4 cm 1n lengthx4 cm 1n width) obtained
by vapor deposition of a silicon oxide film (oxide film
serving as an insulating film) on the substrate surface 1n a
thickness of 10000 A (1000 nm) by means of plasma TEOS,
and a silicon substrate (4 cm 1n lengthx4 cm in width)
obtained by vapor deposition of a silicon nitride film (nitride
film serving as a stopper film) on the substrate surface 1n a

thickness of 3000 A (300 nm) by means of low pressure
CVD.

As the polishing pad, there was used IC1400(P) having an
outer diameter of 30 cm¢, manufactured by Rodel Nitta K. K.
Also, the polishing pressure was 2.5x10% Pa, the flow rate of
the polishing agent was 50 ml/min. The disc rotational
speed was 80 rpm, and the number of rotations for polishing
head was 60 rpm, wherein the disc and the head were rotated
in the same rotation. The polishing time was 3 minutes.
Further, a water-sticking backing film was pasted on a
supporting platform made of a ceramic used for a polishing,
head, and a carrier 1 made of a glass epoxy resin was pasted

thereon. A substrate to be polished 2 was adhered to the
carrier 1 (see FIG. 1).

2) Calculation of Polishing Rate

The polishing rate was determined by carrying out pol-
1shing under the conditions mentioned above, determining
an average value of the change 1n the polishing film thick-
ness of each substrate to be polished belfore and after
polishing, and dividing the resulting average value by the
polishing time. The amount of change in the film thickness

was calculated by obtaiming a film thickness from an ellip-
someter (MARY-102LD, manufactured by Five Lab K.K.).

3) Calculation of Selective Ratio of Polishing Rate

The selective ratio of a polishing rate was calculated by
dividing the polishing rate of the oxide film by the polishing
rate of the nitride film.

Examples 1 to 11 and Comparative Examples 1 to
S

A commercially available silica polishing agent (trade
name “Semi1 Sperse 25,” manufactured by Cabot Corpora-
tion, containing potassium hydroxide as a pH adjusting
agent) was well shaken before use. After having confirmed
that there was no sedimentation of the abrasive, 15 g of
propylamine was added to 260 g of the polishing agent, and
ion-exchanged water was added to the mixture to make up
a total volume of 500 g (propylamine concentration: 3% by
weight), to give a polishing composition of Example 1. After
stirring the polishing composition, each of the oxide film and
the mitride film was polished under the above-mentioned
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polishing conditions. The polishing compositions of
Examples 3 to 11 and Comparative Examples 1 to 5 were
obtained by the same procedures as in Example 1, except for
using the improver of a selection ratio and the pH adjusting
agent shown 1n Table 1. Then, the same polishing procedures
as in Example 1 were carried out for Examples 3 to 11 and
Comparative Examples 1 to 5. As to Example 2, a commer-
cially available silica polishing agent IL1D1300 (trade name,
manufactured by Rodel Nitta K.K.) was well shaken before
use; having confirming that there was no sedimentation of
silica therein, 5 g (concentration: 1% by weight) of ethyl-
enediamine was added to 495 g of the polishing agent, to
give a polishing composition. After stirring, each of the
oxide film and the mitride film was polished under the
above-mentioned polishing conditions. The results are
shown 1n Table 1.

10

15

TABLE 1
Polishing Rate
Improver of Selective Ratio  Classification (nm/minute)
Content of Improver of  Oxide Nitride

No. Kind (% by wt) Selective Ratio Film Film
Ex. 1 Propylamine 3.0 Formula (I) 204 13
Ex. 2 Ethylenediamine 1.0 Formula (II) 420 60
Ex. 3 [sopropylamine 3.0 Formula (I) 206 12
Ex. 4 Diethylamine 3.0 Formula (I) 160 30
Ex. 5 Dipropylamine 3.0 Formula (I) 208 30
Fx.6 KL-1V 1.0 Formula (II) 120 2
Ex. 7 K1.-25% 5.0 Formula (IV) 196 8
Ex. 8 Bis(3-aminopropyl)- 2.0 Formula (V) 154 18

amine
Ex. 9 Triethylenetetramine 2.0 Formula (V) 163 13
Ex. 10  Diethylene glycol 3.0 Formula (VII) 178 6

bis(3-aminopropyl)

Ether
Ex. 11  Piperazine 5.0 Heterocyclic 199

Compound

Comp. — - - 200 50
Ex. 1
Comp. Triethanolamine 1.0 — 140 46
Ex. 2
Comp. Triethanolamine 3.0 — 124 45
Ex. 3
Comp. Triethanolamine 5.0 - 110 46
Ex. 4
Comp. TMAH? 3.0 — 40 10
Ex. 5

14

What 1s claimed 1s:

1. A polishing composition comprising an abrasive, a pH
adjusting agent, an improver of a selective ratio, and water,
wherein the abrasive 1s contained 1n an amount of from 0.5
to 30% by weight, the pH adjusting agent 1s contained in an
amount of from 0.01 to 3% by weight, the improver of a
selective ratio 1s contained 1 an amount of 0.3 to 30% by
weilght, and water 1s contained 1n an amount of 45 to 99.49%
by weight, wherein the weight % 1s based on the weight of
the polishing composition, and wherein the improver i1s one
or more compounds selected from the group consisting of
methylamine, ethylamine, propylamine, isopropylamine,
dimethylamine, diethylamine, dipropylamine, diisopropy-
lamine, ethylenediamine, 1,2-diaminopropane, 1,3-pro-
panediamine, 1,4-butanediamine, hexamethylenediamine,
N,N,N'N'-tetramethyl-1,6-diaminohexane, 6-(dimethy-

Selective
Ratio of

Polishing pH Adjusting

Rates  Agent pH
16.0  Potassium Hydroxide 12.0
7.0  Ammonia 12.0
17.2  Potassium Hydroxide 12.0
5.3  Potassium Hydroxide 12.0
6.9  Potassium Hydroxide 12.0
60.0  Potassium Hydroxide 12.0
24.5  Potassium Hydroxide 12.0
8.4  Potassium Hydroxide 12.0
13.0  Potassium Hydroxide 12.0
32.0  Potassium Hydroxide 12.0
29.6  Potassium Hydroxide 12.0
4.0  Potassium Hydroxide 11.0
3.0  Potassium Hydroxide 12.0
2.8 Potassium Hydroxide 12.0
2.4 Potassium Hydroxide 12.0
4.0  Potassium Hydroxide 12.0

DKaolizer No. 1 (trade name, manufactured by Kao Corporation, N,N,N',N'-tetramethyl-1,6-diaminohexane)
2)Kaolizer No. 25 (trade name, manufactured by Kao Corporation, 6-(dimethylamino)-1-hexanol)

DTMAH: tetramethylammonium hydroxide

It can be seen from the results shown in Table 1 that the
polishing compositions of Examples 1 to 11 each comprising,
the improver of a selective ratio of the present invention
have markedly increased selective ratios of polishing rates,
as compared to the polishing compositions of Comparative
Examples 1 to 3.

By using the polishing composition comprising the
improver ol a selective ratio of a polishing rate of an
insulating film to that of a stopper film of the present
invention, the ratio of a polishing rate of an nsulating film
to that of a stopper film can be 1ncreased.

The present invention being thus described, it will be
obvious that the same may be varied 1n many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the mvention, and all such modifications
as would be obvious to one skilled in the art are intended to
be mcluded within the scope of the following claims.
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lamino)-1-hexanol, bis(3-aminopropyl)amine, triethylene-
tetraamine, diethylene glycol bis(3-aminopropyl) ether, pip-
erazine, and piperidine.

2. The polishing composition according to claim 1,
wherein the improver 1s one or more compounds selected
from the group consisting of propylamine, 1sopropylamine,
N,N,N"N'-tetramethyl-1,6-diaminohexane, 6-(dimethy-
lamino)-1-hexanol, bis(3-aminopropyl)amine, tricthylene-
tetraamine, diethylene glycol bis(3-aminopropyl) ether, and
piperazine.

3. The polishing composition according to claim 2,
wherein the abrasive 1s a colloidal silica, a fumed silica, or
a mixture thereof.

4. The polishing composition according to claim 1,
wherein the abrasive 1s a colloidal silica, a fumed silica, or

a mixture thereof.
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